We treated 34 patients with recurrent dislocation of the hip with a constrained acetabular component. Roentgen stereophotogrammetric analysis was performed to assess migration of the prosthesis.
The mean clinical follow-up was 3.0 years (2.2 to 4.8) and the radiological follow-up was 2.7 years (2.0 to 4.8). At the latest review six patients had died and none was lost to followup. There were four acetabular revisions, three for aseptic loosening and one for deep infection. Another acetabular component was radiologically loose with progressive radiolucent lines in all Gruen zones and was awaiting revision. The overall rate of aseptic loosening was 11.8% (4 of 34). Roentgen stereophotogrammetric analysis in the nonrevised components confirmed migration of up to 1.06 mm of translation and 2.32˚ of rotation at 24 months. There was one case of dislocation and dissociation of the component in the same patient. Of the 34 patients, 33 (97.1%) had no further episodes of dislocation.
The constrained acetabular component reported in our study was effective in all but one patient with instability of the hip, but the rate of aseptic loosening was higher than has been reported previously and requires further investigation.
The prevalence of dislocation after primary total hip replacement (THR) is approximately 3% 1 and rises to between 5% 1,2 and 20% 3, 4 for revision THR. The financial and functional costs are frequently underestimated. 5, 6 Predisposing factors include gluteal deficiency, trochanteric nonunion, soft-tissue imbalance, malposition of the components, impingement and neuromuscular disorders. 7, 8 Numerous surgical techniques have been described for the treatment of hip instability. These include correction of a malpositioned component, 9 ,10 the use of a liner augmentation wedge 11, 12 or angle-bore component, 13 increase in the size of the femoral head with a jumbo head [14] [15] [16] or bipolar hemiarthroplasty, 17 removal of impinging tissue, 18 and bony or softtissue reconstruction. [19] [20] [21] [22] These have met with limited success. 23 First described for the treatment of tuberculosis of the hip in the 1960s, 24 the constrained acetabular component has since been developed to manage instability when other methods have failed. It is designed to hold the head captive within the acetabular component by means of a locking mechanism. Forces which would otherwise cause dislocation are transferred to the locking mechanism and the linershell and shell-bone interfaces. The device is simple to use and provides immediate stability which has been reflected in the success reported in several large series. [25] [26] [27] [28] Potential disadvantages to the constrained liner include increased interfacial stresses resulting in acetabular loosening, dissociation of the constrained component requiring open reduction and reduced range of movement. 25, 29, 30 Although often highlighted, the concerns about loosening of the component have not been thoroughly examined. Our aim in this prospective study was to report our clinical and radiological findings in a series of patients treated with the constrained component for recurrent dislocation, with emphasis on loosening of the implant using roentgen stereophotogrammetric analysis (RSA) in order to study migration of the prosthesis.
Patients and Methods
Ethical approval for the insertion of tantalum beads, (for RSA) was granted by the local human research ethics committee. The inclusion criterion for our study was recurrent dislocation for which no correctable cause could be identified, such as bony or soft-tissue insufficiency which was not amenable to repair or augmentation. We recruited 34 patients who were treated by a constrained acetabular component. There were 20 women and 14 men with a mean age of 73.1 years (46 to 91). The mean height and weight were 1.64 m (1.52 to 1.76) and 70.2 kg (47 to 125), respectively. There were 21 procedures performed on the left hip and 13 on the right. The mean time between the primary THR and the initial revision procedure was 10.6 years (1 to 20). The mean number of dislocations was 4.1 (2 to 12).
The patients were reviewed clinically and radiologically by independent observers (SH, RA, RJKK). Post-operatively, they were seen at six weeks, three and six months, one year and annually for at least five years thereafter. They were scored pre-operatively using the Western Ontario and McMaster osteoarthritis index (WOMAC) score 31 and post-operatively by the WOMAC, the Harris hip 32 and SF-36 (physical component) 33 scores. The last available radiographs of the patients who had died were reviewed. Radiological assessment. Plain radiographs were taken to assess migration of the component, wear and loosening. The films were reviewed by two independent observers (RJKK, RA) and compared with previous films. The location of radiolucent lines was classified according to Gruen, McNeice and Amstutz 34 and DeLee and Charnley. 35 Loosening of uncemented femoral components was classified according to Engh, Bobyn and Glassman 36 and of acetabular components using a modification of Engh's system, described by Bremner et al. 26 Loosening of cemented components was classified according to Harris 39 In addition, we measured component inclination, acetabular offset, femoral offset and the craniocaudal level of the joint, determined by the vertical height of the femoral head as a proportion of the distance between the transtuberosity line and a parallel line drawn bisecting the greater sciatic notch. Tantalum beads were inserted into the acetabular component and pelvis at the time of the initial procedure (Fig.  1 ). Patients were followed up by post-operative (baseline), six-month and annual radiographs using the standard RSA technique. 40 Migration and rotation of the component in three planes were recorded by two independent RSA technicians. Accuracy of the non-zero movement of the RSA technique was tested on pairs of radiographs taken on the same occasion but separated in time by five minutes. Any apparent migration on the radiographs was an error of non-zero movement. Operative technique. All operations were performed or directly supervised by one of two surgeons (BN, DW) between 1999 and 2002, at the Sir Charles Gairdner Hospital or Hollywood Private Hospital, using a posterior approach in every case. The Trident constrained acetabular component (Stryker Orthopaedics, Mahwah, New Jersey) was used routinely (Fig. 2) . At the completion of the operation the hips were put through a full range of movement to establish that there was no impingement. There were no restrictions to mobility, and patients were encouraged to walk from the first post-operative day. The mean length of hospital stay was 12.8 days (5 to 30). Statistical analysis. This was performed by SPSS for Windows V12.0 (SPSS Inc., Chicago, Illinois). Paired data were analysed using the non-parametric Wilcoxon signed-rank test and unpaired data by the Mann-Whitney U test. The chi-squared test and Fisher's exact test were used for categorical data as appropriate. The level of significance was set at p < 0.05.
Results
The mean clinical follow-up was 3.0 years (2.2 to 4.8). Six patients died from unrelated illnesses. None was lost to follow-up. All surviving patients continue to be reviewed as outpatients. Four hips (four patients) were revised, leaving 24 patients followed up with the original constrained component in situ . The indications for revision were aseptic loosening in three hips and deep infection in one.
A total of 31 acetabular components were inserted by snap-fit into new, uncemented acetabular metal-backed shells. One component was cemented into a pelvic reconstruction cage. Two shells were well-fixed and in good position and thus were retained. Of these, one was compatible with the constrained liner and inserted by snap-fit, the other was not and the liner was cemented into the shell. In cases in which the acetabular component had been cemented into a metal cage or shell, the non-articulating side of the component was textured with a saw blade to aid interdigitation of cement.
There were 25 femoral components which were wellfixed and in a good position and therefore retained. Of the remainder, eight were revised with a cemented and one with an uncemented component. The mean number of screws used to secure the uncemented shells was two (0 to 4). The median outer diameter of the inserted shells was 56 mm (50 to 64). The size of the femoral head was 22 mm for shells of 50 mm to 56 mm (22 hips) and 28 mm for shells of 58 mm to 64 mm (12 hips). Acetabular bone defects were reconstructed using morsellised allograft in 11 patients. The mean range of movement of the hip at follow-up was 88˚ (65˚ to 110˚) of flexion, 26˚ (0˚ to 50˚) of abduction, 22( 0˚ to 40˚) of adduction, 20˚ (0˚ to 45˚) of external rotation and 18˚ (0˚ to 50˚) of internal rotation. There were no fixed flexion deformities. There was no significant difference in the mean range of movement between those with a 22 mm head and those with a 28 mm head.
Of the 28 patients alive at follow-up, 25 resided in their own home and three lived in a residential or nursing home. Radiological evaluation. The mean length of radiological follow-up was 2.7 years (2.0 to 4.8). No femoral components were loose or had been revised. Radiolucent lines were found in four of the 24 patients with the original acetabular component still in situ , while none were identified at the final follow-up in the deceased patients. There were three stable acetabular components with non-circumferential radiolucent lines. Specifically, one had a lucency in DeLee and Charnley 35 zone 1, one in zone 2 and one in zone 3. One component was radiologically unstable with progressive radiolucent lines in all zones and was awaiting revision. Three acetabular components were revised because of aseptic loosening by the time of latest follow-up. The remainder were asymptomatic. The overall rate of aseptic loosening was, therefore, 11.8% (4 of 34).
The four components which were revised failed early and were not available for the RSA study, leaving 30 for analysis (including the last data collected on the deceased patients). The results of the RSA analysis to establish micromovement of the acetabular component in the first 24 months are given in Table I . Most migration occurred in the first six months. There was significantly more migration (translation and rotation) in the one unstable acetabular component awaiting revision than the remaining 29 components which were radiologically stable (p < 0.001). There was no difference in the migration between the three stable components with non-circumferential radiolucent lines and Table II. Complications. At the most recent follow-up only one patient had experienced a further dislocation. This patient also suffered a dissociation of the constrained liner from the acetabular shell. Both these events followed falls. This patient had already undergone a revision of the constrained acetabular component for aseptic loosening and went on to require three further revisions.
Early complications (during the in-patient stay) occurred in six of the 34 patients (17.6%). These included a superficial wound infection in two, peri-prosthetic fracture in one and deep-vein thrombosis in one, a cardiac event in one and a cerebrovascular accident in one. The peri-prosthetic fracture was identified intra-operatively and treated by a plate, cables and strut allograft.
Late complications occurred in five of 34 patients (14.7%). These included aseptic loosening of the acetabular component in three, deep infection in one, peri-prosthetic fracture in one and dislocation and subsequent dissociation also in this patient. The patient with deep infection was treated by two-stage revision. The overall re-operation rate after the initial procedure was eight operations in six patients.
Regression analysis found no significant association between migration or loosening of the component and age, gender, size of the component, the use of bone graft, or the position of the component in the vertical and horizontal planes. The inverse association between the number of screws used to secure the component and subsequent loosening almost reached statistical significance (p = 0.09).
Discussion
Constrained acetabular liners are widely produced. Irrespective of whether they are of bipolar (single articulation) or tripolar (double articulation) design, they work by capturing the femoral head within the acetabular component by means of a locking mechanism. Different designs accept head sizes of varying diameter and have differing amounts of rim elevation and offset, allowing slight variations in the range of movement allowed. Once the limit to movement has been reached, impingement occurs. In the nonconstrained component further excursion of the head results in dislocation. However, in the constrained component, impingement occurs and transmits force to the linershell and shell-bone interfaces. In contrast, semi-constrained devices, such as the angle-bore component 13 or the augmentation wedge, 11 and large femoral heads increase stability by increasing the excursion before dislocation can occur.
We identified a number of studies in which constrained acetabular components had been used (Table III) . All were retrospective. There were five which had been published as abstracts only, with minimal reporting of outcome. 25, [41] [42] [43] [44] There were four with small patient numbers, precluding meaningful interpretation of the results. 29 From our results and review of the literature there is evidence that the constrained liner is successful in providing stability in patients with recurrent dislocation. Our findings are supported by those of other large series. Shrader et al 28 reported no further dislocations at 3.2 years and Callaghan et al 47 had a dislocation rate of only 7.1% at ten years. However, the success in achieving stability must be balanced by the evidence of early loosening of the component. Our finding of loosening of 11.8% at 2.7 years is higher than that reported in previous studies. Shrader et al 28 reported that two (1.8%) acetabular components were revised for aseptic loosening and a further six (5.5%) had radiolucent lines in all zones. Callaghan et al 47 reported a lower rate of loosening of 5.9% at a mean of ten years. Saleh et al, 48 in a meta-analysis using a fixed-effects analysis of 39 studies involving 2578 patients with a mean followup of 57 months after revision hip replacement, using nonconstrained acetabular components found a mean acetabular loosening rate of 5.85% (1.136% to 23.80%). The only study with RSA data on the rate of migration of a cementless acetabular component reported up to 0.4 mm of migration at six months. 49 Our results for loosening and migration are worse than those of these historical controls. However, comparisons of loosening rates between constrained cementless components and non-constrained cementless components should be made cautiously, since patient populations may not be similar. Also, the constrained acetabular component is often used as a salvage procedure when other options have failed.
At follow-up, the acetabular components were either stable with no or very few radiolucent lines and minimal migration (29 of 34, 85.2%) or they loosened early requiring re-revision. The discrepancy between the high rate of loosening (4 of 34, 11.8%) and the relatively low rates of migration of the component on RSA (up to 1.06 mm) is explained by the exclusion of the four patients with revision for loosening on whom RSA was not performed. Only one of the 30 components for which RSA data were available was unstable, thus skewing the data towards lower overall migration. Although there was a trend for increased rates of loosening with components inserted with no screws or a single screw, regression analysis identified no other risk factors. The migration distances at 24 months fell just within the 1 mm to 2 mm limits quoted as being predictive of early failure. 50 Therefore, careful long term follow-up of this group is required.
Other potential drawbacks to the constrained liner include a reduced range of movement and dislocation or dissociation requiring open reduction. Closed reduction was not attempted in our series, although there have been reports of occasional success in the literature. 51, 52 A reduced range of movement of the hip with the constrained component did not appear to be a problem in our series with a mean hip flexion of 88˚. This degree of flexion, although less than that reported by other studies, 29, 42 is slightly greater than that provided by the component itself, 53, 54 indicating that some movement was occurring as the pelvis rotated.
Although our follow-up is relatively short, given the finding of early loosening of the component we feel justified in presenting our preliminary results. To our knowledge, this study is the first to use RSA to measure migration of constrained acetabular components accurately. Since collection of the data has been prospective, our findings are accurate and more comprehensive than those of previous studies.
Our results confirm that the constrained acetabular component is an effective option for the treatment of patients with instability of the hip. However, the high rate of aseptic loosening is of concern and requires further investigation.
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